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Chronic UV irradiation profoundly damages the der-
mis of human and animal skin. These alterations were 
thought to be irreversible. Recently, we showed that 
substantial repair occurred in hairless mice after stop-
ping UV exposure. A band of new connective tissue was 
laid down subepidermally. The present study focussed 
on whether repair would occur if animals were protected 
by sunscreens after dermal damage was induced and 
irradiation was continued. Albino hairless mice were 
exposed to Westinghouse FS20 sunlamps thrice weekly 
for 30 weeks. The daily dose of UV (UVB + UV A) was 
0.17 J I cm2 • Sunscreens of sun protection factors (SPF) 6 
and 15 were applied after 10 and 20 weeks of irradiation. 
Biopsies were taken at 10, 20, 30, and 45 weeks of the 
experiment. With both sunscreens, especially SPF-15, 
previously damaged dermis was repaired during contin-
ued irradiation. Repair occurred in situ and, in severely 
damaged skin, in the novel form of subepidermal recon-
struction zones of new connective tissue with parallel 
collagen bundles and a network of fine elastic fibers. 
Marked degradative changes are induced in animal [1-5] and 
human [6-10] dermis by chronic UV irradiation. Elastic fibers 
become thickened, twisted, and tangled, culminating in humans 
in a massive disorganization of the matrix (solar elastosis). As 
collagen becomes damaged, the synthesis of reticulin and 
ground substance increases [5,6,11]. These changes, which ac-
count for the loss of elasticity of skin, are considered to be 
irreversible. However, in hairless mice we recently demon-
strated substantial repair after irradiation was stopped [5]. A 
new layer of dermis formed in the subepidermal region, com-
pressing the old elastotic fibers downward into a narrow band. 
In the reconstruction zone, the collagen appeared normal. New 
delicate elastic fibers were formed. We also showed that high 
sun protection factor sunscreens (SPF-15} completely pre-
vented connective tissue damage [5]. 
Because sunscreens wen~ applied before the very first expo-
sure, the experiment did not simulate actual human experience, 
i.e., people usually do not begin to use sunscreens in childhood 
but rather after a considerable UV dose has been received. We 
wanted to find out whether sunscreens could halt further dam-
age and allow repair in the face of continued irradiation after a 
damaging dose had been delivered. We obtained an affirmative 
answer to this question. 
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MATERIALS AND METHODS 
Animals and Treatment Schedule 
Albino Skh:hairless-1 female mice, 6 to 8 weeks old, were obtained 
from the Skin and Cancer Hospital of Temple University Health 
Sciences Center, Philadelphia, Pennsylvania. Mice were housed indi-
vidually and had free access to food and water. Initially, 148 animals 
were irradiated. An additional 12 were kept as unirradiated vehicle 
controls. After 10 weeks of irradiation, the animals were distributed, 
randomly, into the following groups: J, UV for 30 weeks; 2, UV for 20 
weeks; 3, UV for 10 weeks; 4, UV for 30 weeks with SPF-15 sunscreen 
applied for the final 10 weeks of irradiation; 5, UV for 30 weeks with 
SPF-15 sunscreen applied for the final 20 weeks of irradiation; 6, UV 
for 30 weeks with SPF -6 sunscreen for the final 20 weeks of irradiation; 
7, no UV, vehicle for 30 weeks; and 8, UV for 30 weeks, vehicle for 30 
weeks. The numbers of animals in each group were such that at least 
6 animals were available for biopsy at 10, 20, 30, and 45 weeks. To avoid 
unnecessary duplication, biopsies from group 1 served as controls for 
other groups where appropriate. Although it was technically impossible 
to perform the treatments in a blind manner, histologic evaluations of 
the biopsy groups were done so. 
Sunscreens 
Two sunscreens were evaluated: the SPF-15 sunscreen (Supershade 
15 [Coppertone] Schering-Plough Corp.) contained 7% octyl dimethyl 
PABA and 3% oxybenzone; the SPF-6 sunscreen (For Faces Only, 
Coppertone) contained 5% octyl dimethyl PABA in a non-oily base. 
After the appropriate number of weeks, sunscreens were applied to 
the entire dorsal trunk of the animals just prior to each irradiation. 
This was accomplished by means of a micropipet fitted with a special 
tip to draw up 25 p.l. of the viscous lotions, yielding a surface dose of 
approximately 2.5J.1l/cm2 • 
Irradiation Source and Schedule 
A bank of 9 Westinghouse FS20 "sunlamps" was placed 45 em above 
the backs of the mice. Exposure time was 15 min a day, tlu·ice weekly. 
Flux was measured with an IL 700A Research Radiometer (Inter-
national Light, Inc., Newburyport, Massachusetts). The daily doses of 
UVB and UVA were 0.09 J/cm2 and 0.08 J/cm2 , respectively. It should 
be pointed out that the UVA emission was probably too small to 
contribute to dermal damage. 
Histology 
Strips of dorsal skin, 2 em long, at right angles to the long axes were 
fixed in 10% buffered formalin, embedded in paraffin and sectioned at 
10 fliD· In addition to hematoxylin and eosin, the stains were: Luna's 
aldehyde fuchsin for elastic fibers [12], Van Gieson's for collagen, and 
Mowry's colloidal iron for acid mucopolysaccharides (AMPS). 
Electron Microscopy 
Specimens were fixed in 2% paraformaldehyde with 2.5% glutaral-
dehyde in 0.1 M cacodylate-HCl, buffered at pH 7.4 for 2 h at 24 °C. 
Postfixation was for 1 h in 1% osmium tetroxide. After dehydration 
through a graded series of alcohols, the specimens were embedded in 
Epon 812. Thin sections were stained with saturated uranyl acetate and 
bismuth subnitrate and were examined in a Hitachi HU-12A electron 
microscope. 
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RESULTS 
Light Microscopy 
Group 1-UV irradiation for 30 weehs: The elastic fibers of 
hairless mouse skin are sparse and fine [5]. However, even 10 
weeks of irradiation produced elastic fiber hyperplasia with 
slight thickening of the fibers (Fig 1). A moderate increase in 
collagen deposition also occurred. On the basis of its bright 
coloring with VanGieson's stain, most of the collagen remained 
undamaged, resembling unirradiated controls [5]. Only a few 
small areas in the subepidermal dermis had a reduced affinity 
for the stain (Fig 2). Ground substance was moderately in-
creased. Normally sparse and clumped [5], the blue-staining 
ground substance (AMPS) was diffusely distributed (Fig 3). 
Often it was in short bandlike deposits. 
Continued irradiation greatly intensified the damage to all 
components of the dermis. After 20 weeks, the hyperplastic 
elastic fibers were thickened and tangled, with a few elastotic 
clumps (Fig 4). Collagen bundles were increased, resulting in 
thickening of the dermis. Many small foci as well as several 
broad areas in the upper dermis stained weakly with Van 
Gieson's, indicating damage to mature collagen (Fig 5). AMPS 
deposition approached a maximum with wide bands of blue-
staining material extending halfway down into the thickened 
dermis (Fig 6). 
At 30 weeks, many of the thickened, twisted elastic fibers 
were tangled into elastotic clumps (Fig 7) . Damage to mature 
collagen was considerable, extending in broad areas to more 
than halfway into the dermis (Fig 8). A corresponding depth 
was reached by the greatly increased AMPS (see Fig 6). 
Repair capabilities of the dermis were assessed in the 45-
week specimens (15 weeks postinadiation). Subepidermally, a 
new layer of dermis was formed across the entire specimen to 
a maximum depth of 100 J..Lm. The new collagen bundles were 
slender, dense, and were aligned parallel to the dermal-epider-
mal junction (Fig 9) . Elastic fibers in this reconstruction zone 
were delicate and sparsely deposited as in normal tissue. Mast 
cells, which become numerous and large in UV -irradiated tissue, 
were small and normal in this zone. The elastotic material 
produced during the inadiation period was displaced downward 
by the new dermis and compressed into a discrete band. 
For brevity in the ensuing results, it should be understood 
that 10-20 weeks of irradiation prior to either cessation of 
irradiation or sunscreen application produced the same results 
described in group 1 for these time periods. 
Group 2-UV irradiation for 20 weeks with no further 
treatment: At 10 weeks postirradiation, elastic fiber hyperplasia 
reflected only the initial 20 weeks of UV (see Fig 4). The profuse 
deposits of AMPS produced in the frrst 20 weeks (see Fig 6) 
were reduced, resembling 10-week UV specimens (see Fig 3). 
Collagen was strikingly repaired. The broad damaged areas of 
week 20 (see Fig 5) were reduced to a few foci as in 10-week UV 
specimens (see Fig 2). In addition to in situ repair, where the 
collagen was restored to maturity without reorganization of the 
upper dermis, reconstruction zones were noted. These were 
similar to 30-week UV specimens at week 45 (see Fig 9) except 
they were thinner, not as extensive, and had fewer compressed 
elastic fibers. With time, reconstruction zones widened and 
were more extensive. By week 45, collagen was completely 
mature and AMPS staining was normal. 
Group 3-UV irradiation for 10 weeks with no furth er 
treatment: As in the previous group, dermal damage was ar-
rested when irradiation ceased. At 10 weeks postirradiation, 
elastic fiber hyperplasia and AMPS deposition reflected only 
the initial 10 weeks of UV (see Figs 1, 3). Since damage was 
minimal compared to 20 weeks of irradiation, both in situ 
collagen repair and bandlike reconstruction were virtually com-
plete by 30 weeks. Little compressed elastic tissue delineated 
the thin scattered reconstruction zones since fiber proliferation 
in the first 10 weeks was slight. 
Group 4-UV irradiation for 20 weeks then 10 weehs irra· 
diation with SPF-15 sunscreen: Despite severe collagen dam-
age sustained in the first 20 weeks (see Fig 5), animals irradiated 
for the final 10 weeks while protected with SPF-15 sunscreen 
showed only residual focal collagen damage (see Fig 2). This 
was comparable to animals that were uniJTadiated for the final 
10 weeks (group 2). Similarly, subepidermal reconstruction 
zones resembled those of animals removed from irradiation. As 
in all recontruction zones produced in postirradiation weeks, 
the new collagen bundles were histologically normal and mature 
(Fig 10) . Elastic fiber h yperplasia was arrested, reflecting only 
the first 20 weeks of irradiation (see Fig 4). AMPS behaved 
somewhat differently, with the large deposits seen at 20 weeks 
remaining almost unchanged 10 weeks later (see Fig 6) . Return 
to normal levels of AMPS was accomplished by 45 weeks, as 
was complete collagen maturation. 
Group 5-UV irradiation for 10 weehs then 20 weehs irra-
diation with SPF-15 sunscreen : Animals protected with SPF-
15 sunscreen dming their final20 weeks of irradiation resembled 
those inadiated for 10 weeks and unirradiated for the final 20 
weeks (group 3). Elastic fiber hyperplasia reflected only the 
initial 10 weeks of irradiation (see Fig 1) and collagen was 
restored to maturity. As with all minimally damaged specimens, 
reconstruction zones were thin, sparse, and without bands of 
compressed elastic fibers (Fig 11). AMPS again behaved differ-
ently. The moderate increase generated during the first 10 
weeks remained largely unchanged at 20 weeks (see Fig 3). 
However, during the fmal10 weeks of irradiation, they increased 
additionally and remained variably elevated above normal 
levels even at 45 weeks. 
Group 6-UV irradiation for 10 weeks then 20 weehs irra-
diation with SPF-6 sunscreen: The sunscreen with SPF-6 did 
not protect as well as the SPF-15 sunscreen. Halfway through 
the sunscreen period (week 20), collagen and AMPS reflected 
only the initial 10 weeks of irradiation. However, elastic fiber 
deposition was substantially greater. By 30 weeks, a few clumps 
of elastic fibers approached true elastosis (see Fig 4) and both 
collagen damage and AMPS deposits were more pronounced 
than with SPF-15 sunscreen. In all cases, however, the changes 
were of a smaller magnitude than in unprotected irradiated 
controls. By week 45, virtually all of the collagen was again 
mature, while greater than normal amounts of AMPS remained. 
The subepidermal reconstruction zones of parallel collagen were 
moderate in number and depth at 30 weeks and were more 
pronounced at 45 weeks. 
Group 7-vehicle, no irradiation: The specimens were indis-
tinguishable from untreated, unirradiated animals. 
Group 8-vehicle with 30 weells irradiation: The specimens 
were indistinguishable from UV only controls. 
Electron Microscopy 
The profound dermal changes produced by UV radiation can 
be fully appreciated at the ultrastructural level. After 30 weeks 
of irradiation, without sunscreen protection, the subepidermal 
dermis was often almost devoid of mature collagen bundles. 
Those still present had amorphous outlines and remained elec-
tron-lucent. Instead, there were profuse depositions of elastic 
micro fibrils , mainly without the core component. The basement 
membrane was highly reduplicated and fibroblasts were in a 
synthetically active configuration (Fig 12) . 
The reconstruction zone found in subsequent weeks, either 
after irradiation ceased or the skin was protected by sunscreens, 
was strikingly different. The subepidermal dermis was filled 
with discrete, densely packed collagen bundles in parallel and 
horizontal array-a "plywood" configmation such as is found 
in age-matched normal controls (Fig 13a) . Individual collagen 
fibers had the normal banding pattern with an - 650 A spacing 
(Fig 13b). Basement membrane reduplication was no longer 
present and fibroblasts appeared to be less active, again r esem-
bling normal dermis. 
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FIG 1. Ten weeks UV irradiation. Minimal changes showing mild elastic fiber hyperplasia (---). Luna's, X 280. 
FIG 2. Ten weeks UV irradiation. Upper dermis showing focal areas with reduced affinity for stain (---). VanGieson's, X 280. 
FIG 3. Ten weeks UV irradiation. Conspicuous increased deposition of blue-staining AMPS(->). Mowry's, X 280. 
FIG 4. Twenty weeks UV irradiation. A marked increase in elastic fibers, which are twisted, thickened, and beginning to clump (__.) _ Luna's, 
X 280. 
FIG 5. Twenty weeks UV irradiation. Reduced affinity for stain occurs in extensive bands across the upper dermis. Notice the subepidermal 
Grenz zone with normal staining(---). VanGieson's, X 280. 
FIG 6. Twenty weeks UV irradiation. Blue-staining AMPS are in broad bands. Mowry's, X 280. 
FIG 7. Thirty weeks UV irradiation. Hypertrophied elastic fibers are coalescing into elastotic aggregates (__.) . Note the large mast cells (<->). 
Luna's, x 280. 
FIG 8. Thirty weeks UV irradiation. Loss of affin ity for the stain is· in broad bands extending deeply into the dermis. VanGieson's, x 280. 
FIG 9. Reconstruction zone: 30 weeks UV irradi!ltion, 15 weeks postirradiation. A broad area of parallel collagen is laid down in the upper 
dermis. Elastosis from the irradiation period is compressed downward into a narrow band (__.) . Although not apparent at this magnification, fi ne 
new elastic fibers are present amongst t he new collagen. Note small mast cells (<->).Luna's, X 280. 
FIG 10. Reconstruction zone: 30 weeks UV irradiation, SPF-15 sunscreen for final 10 weeks. New Collagen in this zone (RZ) has the same 
staining quality as the mature collagen (MC) in the lower dermis. VanGieson's, x 280. 
FIG 11. Reconstruction zone: 30 weeks UV irradiation, SPF-15 sunscreen for final 20 weeks. With less initial damage, the zone is thinner and 
without a sharp demarcation at its lower limit. Collagen deposition is parallel and although not clearly visible at t his magnification, elastic fibers 
are flne and sparse(__.). Luna's, X 280. 
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FIG 12. Thirty weeks UV irradiation. The subepidermal dermis 
consists mainly of elastic micro fibrils (mf) without the core component. 
Residual collagen bundles have indistinct outlines and remain electron-
lucent (* ). Fibroblasts are in a synthetically active configuration with 
widely dilated cisternae of rough endoplasmic reticulum (.,..) filled with 
flocculent electwn-dense material. The basement membrane is highly 
reduplicated(~) . X 12,400. Bar= 1 J.Lm. 
DISCUSSION 
Not surprisingly, sunscreens can prevent actinic damage to 
connective tissue (5,13]. A more interesting question is whether 
sunscreens can prohibit fwther degradation when applied to 
seriously photodamaged skin in the face of continued i.nadia-
tion. How much of this injmy is reversible? We found previously 
that seriously UV radiation-damaged skin of hairless mice was 
capable of substantial repair [5]. A wide subepidermal band of 
new connective tissue containing normal collagen and elastic 
fibers had formed by 15 weeks postirradiation. 
The present study shows again that photoaging is not an 
irreversible phenomenon. Once the repeated insult stops, fibro-
blasts begin to synthesize a normal matrix. With an SPF-15 
sunscreen, the same repair occurs even though the UV expo-
smes are continued at the same rate. Elastic fiber hyperplasia 
is arrested and damaged areas of collagen are reconstituted in 
situ, with a restoration to matmity and avidity for VanGieson's 
stain within 10 weeks of SPF-15 protection. Only the AMPS 
continue to increase somewhat and remain at slightly elevated 
levels, even at week 45. This suggests that once the AMPS-
synthesizing fibroblasts are stimulated by UV irradiation, small 
amounts of radiation are sufficient to maintain the synthesis. 
In addition to in situ repair, whereby the pattern of the old 
photodamaged collagen matrix is undistmbed, a band type 
reconstruction also occms in sunscreen-protected skin. To be 
sme, the severely photodamaged portion of the upper dermis 
remains abnormal and does not recuperate completely. Instead, 
it is pushed downward by the newly formed dermis above. The 
FIG 13. Reconstruction zone: 30 weeks UV irradiation with SPF-15 
sunscreen for final 10 weeks; biopsy taken 15 weeks postirradiation. a, 
the subepidermal dermis is replete with collagen bundles arrayed 
parallel to the dermal-epidermal junction in a "plywood" configuration. 
Basement membrane is no longer reduplicated(~). X 12,400. Bar= 1 
J.Lm . b, Banding pattern of the new collagen shows appwximately 650 A 
spacing. x 39,000. Bar = 0.25 J.Lm . 
degree of reconstruction with a high SPF sunscreen is indistin-
guishable from that which develops when irradiation is stopped. 
This subepidermal reconstruction zone is characterized by 
densely packed collagen bundles in horizontal and parallel 
array. The new collagen is ultrastructurally normal. It replaces 
the profuse depositions of elastic microfibrils seen in UV -irra-
diated dermis that has not been allowed to repair. A similar 
increase in the amount of microfibrils has been noted in actin-
ically damaged human skin [9,10]. 
Although the histologic restitution of the upper dermis was 
impressive, it was difficult to assess clinical improvement in the 
skin of animals irradiated for 20 or 30 weeks without sunscreen 
protection. By week 45, numerous epithelial tumors were pre-
sent. The same was true of animals protected with sunscreen 
for only the final10 weeks. The cumulative UV dose in the first 
20 weeks was at the top of the tumorigenic curve. However, 
animals protected for the final20 weeks with SPF-15 and SPF-
6 sunscreens had a reduction in the number of tumors by 79% 
and 63%, respectively. The nontumorous skin resembled that 
of normal unirradiated animals, whereas continuously irradi-
ated skin was scaly, variably crusted, and slightly pink. This 
study suggests that those who have sustained actinic damage 
would be well advised to use the highest SPF sunscreens (15 or 
above) to prevent fmther damage. It is important to note that 
the SPF -6 sunscreen was less effective. Although skin cannot 
be restored to its preirradiation pristine condition, the dermal 
damage can be halted, permitting an overlying band of healthy 
dermis to form. 
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Inhibition of DNA and Protein Synthesis in UV -Irradiated Mouse Skin by 
2-Difluoromethylornithine, Methylglyoxal bis(Guanylhydrazone), and 
Their Combination 
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Exposure of mouse skin to UVB irradiation greatly 
enhanced the biosynth esis and accumulation of putres-
cine and sp ermidine before or concomitantly with stim-
ulation of epidermal m acromolecular (DNA and protein) 
synthesis. Topical treatment of UV-exposed skin with 2 
inhibitors of polyamine biosynthesis , 2-difluorometh-
ylornithine (DFMO) and m ethylglyoxal bis(guanyl-
hydrazone) (MGBG) prevented the enhanced epidermal 
accumulation of polyamines, especially spermidine, and 
also inhibited the incorporation of radioactive precur-
sors into DNA and protein. When applied in combination, 
these 2 antimetabolites of polyamines produced an in-
hibition of macromolecuiar synthesis that was at least 
additive: [!H]thymidine incorporation decreased b y 80% 
and r4 C]leucine incorporation by 44% as compared with 
the UVB-irradiated control mice. A slight decrease in 
the ratio of flH]histidine/[14C]leucine incorporation in-
dicated that protein synthesis of the differentiating cell 
layers was also affected by the inhibitors. The effects of 
the combined DFMO and MGBG treatment were paor-
tially reversed by concomitant topical application of 
spermidine. 
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Interest in polyamine m etabolism a mong d ermatologists 
arose in mid 1970s, when Proctor et al [1] first r eported t hat 
blood of psoriatic patients con tains high concentrations of sper-
midine and spermine . S ince then, elevated polyamine levels 
have been reported in psoriatic lesions [2-4] a nd in t he urine of 
psoriatic patients [3]. Moreover , successful treatment of th e 
disease resulted in a d ecline of the polyamine concentrations 
approximately to th e levels found in h ealth y epidermis [4]. 
Enhanced polyamine synth esis was similarly reported in huma n 
cutaneous epitheliomas [5]. 
Presently, experimental data obtained with a nimal m odels 
indicate t h at epidermal prolife ration is invaYiably accompa nied 
by a n enha ncement of polyamine biosynthesis; wound h ealing 
[6], induction of skin tumors by tumor promoters [7-9], and 
UVB irradiation [10-12] all result in a n increased polyamine 
accumulation in the affected epidermis. Further , topical appli-
cation of putrescine or spermine has been reported to s timulate 
DNA synth esis in mouse epidermis [13]. 
The syn th esis of the physiologic polyamines, is regulated 
m a inly by 2 inducible enzymes, ornithine decarboxylase and 
adenosylmethionine decarboxylase. Ornithine decarboxylase 
catalyzes the formation of putrescine from ornithine, while · 
adenosylmethionine decarboxylase produces decarboxylated S -
ade nosylmethionine which is requil'ed for t he synth esis of sper-
midine (from putrescine) and spermine (from spermidine) 
[14]. In mouse skin , DL-hydrazinoa minovaleric acid, a compet-
itive inhibitor of ornithine decarboxylase inhibits th e induction 
of skin proliferation produced by ethylphenylpropiolate [15]. 
Tumor formation in mouse skin is almost totally prevented by 
2-difluoromethylornithine (DFMO) [16], a highly specific and 
practically nontoxic irreversible inhibitor of ornithine decarbox-
ylase [17]. However, Seiler and Knodgen [11] obtained only a 
marginal inhibition of mouse epidermal DNA synthesis by 
